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BACKGROUND: Mechanically ventilated patients increasingly spend hours in emergency department
beds before ICU admission. This study evaluated the performance of blood gases in mechanically
ventilated subjects in the emergency department and subsequent changes to mechanical ventilation
settings. METHODS: This was a multi-center, prospective, observational study of subjects ventilated in
the emergency department, conducted at 3 academic emergency departments from July 2011 to March
2013. We measured the rate of arterial blood gas (ABG) and venous blood gas (VBG) analysis, and we
assessed the associations between the conditions of hypoxemia, hyperoxia, hypercapnia, or acidemia and
changes to mechanical ventilator settings. RESULTS: Of 292 ventilated subjects, 17.1% did not have a
blood gas sent in the emergency department. Ventilator changes were made significantly more fre-
quently for subjects who had an ABG as the initial blood gas sent in the emergency department (odds
ratio 2.70, 95% CI 1.46–4.99, P � .002). However, findings of hypoxemia, hyperoxia, hypercapnia, or
acidemia were not correlated with ventilator adjustments. CONCLUSIONS: In this prospective obser-
vational study of subjects mechanically ventilated in the emergency department, the majority had a
blood gas checked while in the emergency department. While ABGs were associated with having
changes made to ventilator settings in the emergency department, clinical findings of hypoxemia, hy-
peroxia, hypercapnia, and acidemia were not. Inattention to blood gas results may lead to missed
opportunities in guiding ventilator changes in the emergency department. Key words: emergency depart-
ment boarding; mechanical ventilation; overcrowding; emergency department to ICU transition; arterial and
venous blood gas analysis. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Nearly 60% of patients admitted to ICUs in the United
States originate from emergency departments, and up to

40% are intubated and mechanically ventilated before
ICU admission.1 While most ventilator changes occur
during the first 48 h of ICU admission,2 a majority of
mechanically ventilated patients in the emergency de-
partment receive no ventilator changes despite an aver-
age emergency department stay of 5– 6 h before transfer
to the ICU.3-5

A recent study of mechanically ventilated emergency
department subjects found an association between an in-
creased number of emergency department interventions
after intubation and reduced mortality,6 demonstrating the
need for ongoing monitoring and care of mechanically
ventilated emergency department patients. In addition to
hemodynamic disturbances, mechanically ventilated emer-
gency department patients are at risk of hypoxemia, hy-
peroxia, hypercapnia, and acidemia.7 Several studies have
shown hyperoxia to be associated with increased morbid-
ity and mortality in critically ill subjects.8–10 In addition,
close monitoring for hypercapnia and acidosis is important
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in mechanically ventilated patients, especially those re-
ceiving lung-protective ventilation.11

Although venous blood gases (VBGs) are preferred for
many conditions encountered in the emergency depart-
ment,12,13 arterial blood gases (ABGs) are indicated in
recently intubated and ventilated patients.14 While pulse
oximetry is valuable for monitoring adequate oxygenation,
only data from ABGs can be used to determine hyperoxia
or define the PaO2

to FIO2
ratio.14-16 The use of blood gas

analysis in mechanically ventilated emergency department
patients has not been well described in the literature. In
this study we explore patterns of blood gas analysis in the
emergency department and evaluate associations between
blood gas results and emergency department clinicians’
management of ventilator settings.

Methods

This study was supported by institutional funds. At Rhode
Island Hospital, the work was funded in part by an insti-
tutional development grant from the University Emergency
Medicine Foundation. The data were collected at Denver
General Hospital, Massachusetts General Hospital, and
Rhode Island Hospital from 2011 to 2013. The data anal-
ysis and manuscript preparation were performed at the
Medical University of South Carolina in 2016.

We performed a multi-center, prospective, observational,
cohort study with data collected from emergency depart-
ments of 3 tertiary care academic centers, each with more
than 100,000 emergency department visits annually, staffed
with board-certified emergency physicians, emergency
medicine residents, advanced practice providers, nurses,
and respiratory therapists. All adult patients receiving in-
vasive mechanical ventilation were eligible for enrollment.
Exclusion criteria included death upon arrival or during
emergency department course, or immediate transfer to the
operating room from the emergency department. Patients
without complete documentation regarding the duration of
time ventilated in the emergency department and emer-
gency department length of stay (LOS) were also excluded.
All subjects were managed by the emergency medicine
attending doctors for the duration of their time in the emer-
gency department. The study protocol was approved by
the institutional review boards where the study was con-
ducted as well as in the institution where data were ana-
lyzed. Institutional review boards for all participating in-
stitutions approved the study protocols with waivers for
informed consent.

Subjects were screened and enrolled upon emergency
department presentation. To focus on blood gases obtained
at the time of or subsequent to intubation, we restricted our
cohort to subjects who were intubated prior to or upon
arrival to the emergency department, defined as within 10
min of emergency department arrival. Subjects with miss-

ing data were excluded on a case-by-case basis. With re-
gard to descriptive statistics for each variable, missing
values were excluded from analyses, while for regression
analysis if any variable was missing data, the entire subject
was excluded from analysis.

Time ventilated in the emergency department was de-
fined as the time of emergency department presentation
for subjects initiated on ventilation prior to arrival, or time
of intubation for the remainder of subjects, until the time
of ICU admission. Emergency department LOS was de-
fined as time from emergency department presentation to
time of ICU admission. Subjects were classified by indi-
cation for intubation, including altered mental status with-
out respiratory pathology, trauma, cardiac arrest, respira-
tory failure, neurologic events, airway edema, and other
causes. Altered mental status was defined as encephalop-
athy or obtundation without primary central nervous sys-
tem pathology, while neurologic events included cerebral
vascular accidence, hemorrhage stroke, or seizures.
Changes in ventilator settings included any change in the
mode of ventilation, breathing frequency, tidal volumes,
FIO2

, driving pressure, or PEEP. Hypoxemia was defined
as a PaO2

of � 60 mm Hg on ABG, and hyperoxia was
defined as a PaO2

� 300 mm Hg. Acidemia was defined as
a pH of � 7.20 on ABG or VBG, and hypercapnia as a
PCO2

of � 60 mm Hg by arterial or venous values. Lung-
protective ventilation was defined as a tidal volume of
� 8 mL/kg of predicted body weight, with full details
published previously.5 None of the enrolling centers had
specified protocols for blood gas ordering or mechanical
ventilation management at the time of the study.

The primary outcome was the percentage of mechani-
cally ventilated subjects who received any blood gas, ar-

QUICK LOOK

Current knowledge

Blood gas analysis is widely used in the ICU to make
appropriate changes in ventilators’ settings. In the re-
cent years emergency departments’ boarding times of
mechanically ventilated patients have been increasing.
The use of blood gas analysis to guide changes in ven-
tilators’ settings in this population has not been previ-
ously studied.

What this paper contributes to our knowledge

In the emergency departments of 3 tertiary care aca-
demic centers, the majority of mechanically ventilated
subjects had a blood gas checked while in the emer-
gency department. However clinical findings of hypox-
emia, hyperoxia, hypercapnia, and acidemia were not
associated with changes in ventilator settings.
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terial or venous, while in the emergency department. Sec-
ondary outcomes included evaluation of blood gas ordering
for subjects’ subgroups, including indication for intuba-
tion, subjects with hypotension, and subjects on vasopres-
sors, and ventilator management with respect to blood gas
values. We evaluated associations between hypoxemia or
hyperoxia and changes in PEEP or FIO2

, and associations
between hypercapnia or acidemia and changes to tidal vol-
ume or respiratory frequency.

Statistical Analysis

Data were input into Microsoft Excel (Microsoft Corp.,
Redmond, Washington) and transferred to SPSS (version
24.0, IBM Corp, Armonk, New York) for statistical anal-
ysis. Data were visually inspected, and missing data were
excluded on a case-by-case basis, with missing data as the
primary parameter for exclusion. Outlier data points that
were � 3 standard deviations from the median were visu-
ally reviewed and rejected from analyses as manual entry
errors. Descriptive statistics were used to determine the
primary outcome. Subjects whose initial blood gas was
arterial were included in analyses for outcomes for oxy-
genation parameters, while subjects with either initial ABGs
or VBGs were included in analyses for outcomes for
acid/base or ventilation parameters.

Binary logistic regression and Mann Whitney U test
were used as appropriate for secondary outcomes. Contin-
uous variables were reported as medians and standard de-
viations, and categorical variables were reported as num-
bers and percentages. Unadjusted odds ratios (ORs) were
calculated to quantify differences in frequency of ventila-
tor changes for different clinical parameters, including hy-
poxemia, hyperoxia, hypercapnia, acidemia, hypotension,
vasopressor use, and indication for intubation. An alpha of
� 0.05 was considered statistically significant for all anal-
yses. All P values presented are for a two-tailed test.

Results

A total of 535 subjects were enrolled; 10 subjects were
excluded as the duration of mechanical ventilation and
stay in the emergency department were not fully docu-
mented, and an additional 233 were excluded for not being
intubated upon arrival to the emergency department, re-
sulting in a final study cohort of 292 subjects, 39% of
which were female. The average age was 57 y (range
19–96 y). Baseline demographics are outlined in Table 1.
The median age for subjects intubated due to trauma 44.9 y
(�19.7 y) versus 60.7 y (�18.1 y) for all other indications
(P � .001). Average emergency department LOS and av-
erage emergency department ventilation time for the entire
cohort was 282 min (SD � 226 min) and 262 min
(SD � 205 min), respectively. Altered mental status was

the most common indication for intubation, followed by
trauma, neurologic events, and respiratory failure. In this
cohort, 64.4% were ventilated with lung-protective venti-
lation, but 3 subjects (1%) did not have recorded heights,
precluding assessment for lung-protective ventilation.

Despite an average time of � 4 h of mechanical venti-
lation in the emergency department, 50 subjects (17.1%)
did not have any blood gas sent in the emergency depart-
ment. Among those with blood gases, 22 (9.0%) had a
VBG but never an ABG. Of the 242 who had blood gases,
66 had a repeat gas in the emergency department, and 16
had 2 follow-up gases (Fig. 1). Only 23 subjects (9.5%)
had both VBGs and ABGs, and 143 subjects (59.1%) had
only ABGs. When analyzed by indication for intubation,
subjects intubated due to trauma had a significantly higher
OR of having an ABG (OR 5.35, P � .032, CI 1.13–
25.28) (Table 2). Subjects intubated for respiratory failure
were not more likely to have an ABG performed as com-
pared to subjects intubated for other indications (OR 1.75,
P � .48, CI 0.36–8.45). Subjects who did not have any
blood gas checked had significantly longer median emer-
gency department LOS at 273 min compared to 230 min
(P � .02).

In this study cohort, 137 (46.9%) had an episode of
hypotension, with 34 (11.6%) receiving vasopressors. Of
hypotensive subjects, only 26 (19%) had an ABG. In hy-
potensive subjects receiving vasopressors, 38.2% did not
have an ABG while in the emergency department.

The minority (21%) of subjects had a change made to
their ventilator settings in the emergency department, with
77 changes in ventilator settings made for 61subjects. Sub-
jects who had no ventilator changes made in the emer-
gency department had a significantly longer median LOS
in emergency department at 256 min versus 173 min

Table 1. Baseline Characteristics

Variable Participants

Age, y (mean � SD) 57 � 19.4
Female, n (%) 97 (33.2)
Emergency department LOS, min (mean � SD) 282 � 226
Emergency department ventilator time, min

(mean � SD)
262 � 205

Indication of intubation, n (%)
Altered mental status 98 (33.6)
Trauma 73 (25)
Respiratory failure 38 (13)
Neuro 41 (14)
Cardiac arrest 27 (9.2)
Airway edema 7 (2.4)
Other 8 (2.7)

Total participiants: N � 292.
LOS � length of stay
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(P � .001), and longer median emergency department
ventilator time of 243 min versus 169 min (P � .002).

There was no correlation between having either an ABG
or VBG and having a ventilator change made in the emer-
gency department (OR 1.59, 95% CI 0.69–3.71, P � .34).
However, ventilator changes were made significantly more
frequently for subjects who had an ABG as the initial
blood gas (OR 2.70, 95% CI 1.46–4.99, P � .002). Ven-
tilator changes were less likely to be made when a VBG
was the initial blood gas, as compared to sending an ABG
(OR 0.36, 95% CI 0.17–0.74, P � .005). Ventilator changes
were as likely to be made when a VBG was the initial
blood gas as compared to not sending a blood gas at all
(OR 0.77, 95% CI 0.28–2.14, P � .79).

Five subjects had hypoxemia on their initial ABG, with
a PaO2

� 60 mm Hg. All five subjects were ventilated with
a PEEP of 5 cm H2O, but none had a change in PEEP. All
were ventilated with a FIO2

of 1.0, and 2 were on non-
lung-protective ventilation (Table 3). Overall, 190 (65.1%)
subjects were ventilated with a FIO2

of 1.0, and only 24
(12.6%) had the FIO2

decreased. Among subjects who had

ABGs as their initial blood gas, 36 (25.2%) had hyperoxia,
35 (97.3%) of whom were receiving a FIO2

of 1.0. A ma-
jority of these subjects (80.6%) did not have the FIO2

de-
creased while in the emergency department.

Forty-six subjects (15.8%) had a PCO2
of �60 mm Hg,

14 by ABG and 32 by VBG. Of these 46 subjects, 6 had
changes made to their ventilator settings in the emergency
department, for a total of 8 discrete ventilator changes (3
increases in breathing frequency and 5 changes in tidal
volume). With regard to the 5 changes in tidal volume, it
was increased from 500 mL to 600 mL for 2 subjects,
while tidal volume was decreased for 3 subjects. Of the 3

Fig. 1. Blood gases for mechanically ventilated patients in the emergency departments. First row shows initial gas, second row shows
second gas, and third row shows third gas. ABG � arterial blood gas; VBG � venous blood gas.

Table 2. Odds Ratio of Ordering ABGs per Intubation Indication

Indication for Intubation Odds Ratio 95% CI P

Altered mental status 4.16 0.91–18.94 .068
Trauma 5.35 1.13–25.28 .032
Respiratory failure 1.75 0.36–8.45 .48
Neuro 1.14 0.22–5.81 .87
Cardiac arrest 4.04 0.75–21.72 .10
Airway edema 10 0.77–128.77 .07

ABG � arterial blood gas

Table 3. Association Between Initial Blood Gas Results and
Subsequent Ventilator Changes

Blood Gas Parameter (n)

No. of Ventilator
Changes in
Emergency
Department
�(no. (%)�

Odds Ratio
(95% CI) P

PaO2
� 60 mm Hg (5)

Change in PEEP 0 (0%) NA
Change in FIO2

0 (0%) NA
PaO2

� 300 mm Hg (36)
Change in PEEP 0 (0%) NA
Change in FIO2

7 (19.4%) 1.37 (0.52–3.60) .61
pH � 7.2 (70)

Any change in tidal volume 5 (7.1%) 4.10 (0.95–17.60) .055
Increase in tidal volume 2 (2.9%) 1.64 (0.27–10.02) .63
Increase in breathing frequency 9 (12.9%) 0.92 (0.41–2.08) .84

PCO2
� 60 (46)

Any change in tidal volume 5 (10.9%) 7.1 (1.6–30.8) .01
Increase in tidal volume 2 (4.3%) 2.84 (0.46–17.50) .25
Increase in breathing frequency 3 (6.5%) 0.43 (0.12–1.46) .22

NA � not applicable
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subjects for whom tidal volume was decreased, there
were no concomitant changes in respiratory frequency.
Acidemia was present on the initial blood gas for 70
subjects (24.0%), of whom only 12 had any ventilator
changes made (Table 3).

For subjects who received lung-protective ventilation
versus non-lung-protective ventilation, there was no dif-
ference in the median values of pH (7.31 vs 7.30, P � .82)
or PCO2

(44 vs 42, P � .26).

Discussion

Although blood gases should not be checked routinely
for all critically ill patients,17,18 blood gas analysis is in-
dicated with changes in respiratory status and initiation of
mechanical ventilation.14,17 In-patient blood gases fre-
quently result in changes in clinical management,19 but the
use of blood gases in mechanically ventilated emergency
department patients has not been previously described.
While a majority of ventilated subjects received some blood
gas analysis in this cohort, blood gases were not universal,
and the blood gas data do not correlate with ventilator
management in the emergency department.

While VBGs are valuable in the emergency department
to determine acid/base status for many indications,12,13,20

at least one ABG is indicated in mechanically ventilated
patients.14 Although SpO2

is an accurate reflection of PaO2

at physiologic levels, SpO2
is less reliable in cases of

shock21-23 or hypoxemia with a PaO2
of � 60,24 and SpO2

cannot provide information about hyperoxia. In this study,
the use of ABGs correlated with changes in ventilator
settings, whereas use of VBGs or no gas at all did not.
While this association may reflect understanding of the
need for monitoring ventilated patients by some clinicians,
the specific ABG results did not translate to anticipated
clinical responses in adjusting ventilator settings.

In this cohort, subjects intubated for respiratory failure
did not have ABGs checked more frequently than subjects
intubated for other indications. Conversely, those intubated
for trauma were more likely to have ABGs than those
intubated for other indications. Studies of trauma subjects
have found the base deficit from ABGs correlates with
outcomes25,26 and is useful to guide resuscitation.27,28 More-
over, hemoglobin levels, an important clinical data point
in the trauma population, can be evaluated quickly at bed-
side using ABG analyzers. Therefore, the differential use
of ABGs in this subgroup may have been influenced by
the trauma teams’ involvement. In addition, subjects intu-
bated for trauma were significantly younger than subjects
intubated for other indications, and after including age in
regression model, the observation of increased frequency
of ABGs being obtained in trauma subjects lost signifi-
cance. These findings indicate the need for further studies
to determine whether patient age or designation as a trauma

victim is a significant predictor of obtaining ABGs in the
emergency department.

With increasing emergency department boarding times,29

emergency department physicians must manage mechan-
ically ventilated patients for increasingly longer periods.30

Despite � 4 hours of ventilation in the emergency depart-
ment, only 20% of subjects in this cohort had a change in
ventilator settings. Interestingly, subjects without any
changes had a longer emergency department LOS than
those with changes, and subjects without any blood gases
also had longer emergency department LOS than those
with blood gases. These findings indicate that lack of time
was not the cause for the lack of monitoring or ventilator
changes.

The values selected for hypoxemia,24 hyperoxia,31-35 aci-
demia, and hypercapnia were chosen at extreme ranges
used in the literature to ensure that the values were unam-
biguous or not subject to clinical context. Additionally, as
the cut-offs for acidemia and hypercapnia were the same
for arterial and venous gases, we selected clinically rele-
vant values that would indicate the need for action regard-
less of arterial or venous origin.

Hypoxemia was not associated with ventilator changes.
All subjects who were hypoxemic were ventilated with a
PEEP of 5 cm H2O and a FIO2

of 1.0 without any titration
of ventilator settings for the duration of the emergency
department stay. Additionally, the majority of subjects with
hyperoxia and FIO2

of 1.0 had no decrease in the FIO2
while

in the emergency department. Although limited by the
heterogeneity of existing studies, hyperoxia has been as-
sociated with increased mortality,10 duration of mechani-
cal ventilation, length of hospital stay, and subsequent
deterioration of oxygenation.8-10 Although the data are
mixed,31,33,35,36 no study has shown improved outcomes
with hyperoxia.

This cohort also demonstrated no correlation between
acidemia or hypercarbia and changes in tidal volume or
breathing frequency. In some instances, the tidal volume
was decreased without a concomitant increase in breathing
frequency. These findings indicate that overall, while many
blood gases were checked, the results were not used to
modify oxygenation or ventilation in the emergency de-
partment.

Previous surveys of ICU clinicians have found that con-
cerns regarding hypercapnia and acidosis have been bar-
riers to initiating lung-protective ventilation.11 In this study,
acidemia and hypercarbia did not affect the use of lung-
protective ventilation versus non-lung-protective venti-
lation, further supporting the conclusion that ABG val-
ues were not used to guide mechanical ventilation
management.

There are limitations to our study, many of which are
inherent to its observational nature, as only correlations
can be identified without determination of causation. Al-
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though we describe the pattern of blood gas utilization and
of changes in mechanical ventilation, we are unable to
determine what factors may have influenced clinicians’
management with regard to ordering blood gases or mak-
ing ventilator changes in response to blood gas results. For
subjects transferred from another hospital while intubated,
a blood gas may have been performed prior to arrival at
the tertiary care emergency department. If a blood gas
were performed, it is possible that the emergency physi-
cian may have not requested another blood gas if there
were no change in clinical condition. Despite being a pro-
spective study, not all subjects had times of intubation
recorded. In addition, we describe clinical management
and subjects’ outcomes exclusively from the subjects’ emer-
gency department course, and not more longitudinal out-
comes. The low frequency of ventilator changes in venti-
lated subjects in the emergency department may have
influenced correlative associations as well, although the
rarity of ventilator changes may independently highlight
the need for increased attention to ventilated patients in the
emergency department. Furthermore, limited data on sub-
jects’ comorbidities precluded a more comprehensive ad-
justment for subject-level parameters that may have af-
fected the frequency of blood gas monitoring or secondary
outcomes. Finally, situational parameters such as emer-
gency department census, emergency department capacity,
emergency department acuity, subject-to-provider ratios,
and hospital census were not assessed and were not in-
cluded in this study.

Despite these limitations, this study demonstrates the
opportunity for future interventions for quality improve-
ment in mechanically ventilated patients in the emergency
department. Mechanical ventilation protocols focused
on the emergency department, including monitoring of
ABGs and recommending subsequent ventilator changes,
may be helpful in optimizing PEEP, minimizing expo-
sure to hyperoxia, managing respiratory acidosis, and
increasing the adherence to lung-protective ventilation
when possible.

Conclusion

In this cohort of mechanically ventilated subjects, the
majority had a blood gas checked while in the emer-
gency department. While ABGs were associated with
having changes made to ventilator settings in the emer-
gency department, clinical findings of hypoxemia, hy-
peroxia, hypercapnia, and acidemia were not. Inatten-
tion to blood gas results may lead to missed opportunities
in guiding ventilator changes in the emergency depart-
ment.
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